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““rat  lIc.1  llmlI sdf-ali{~,llcd  as irI tlIc I)lcvious  lMoGcdutc.  ‘I’l Ic IIIa Sk sd is dcsij~,t]c(l sc} Ili:it It]c  ~I,:Ilc II IC[:I1 cd~,c
iiIlls Iy scvcIal  lllicl<~lls illsidc tlw cd~,c oftlIc jBtylw (ia As fOIIIICd by tl]c stitc dclI,

1( is  bc.licvcd llIal l}tc al)isollo]y Icsulis bccausc.  tlic aI sctlic oxi(lcs  tC.IId to dissolw rIIotc  Jca(iily  ll]at)  llIc

[I,tilli[l]ll  o x i d e .  III fkd, al scvtic oxide  lI:Is sotllu sollll)ilily  c\’ctI itl jIuIc WI(CI, lkca\Isc  llw al w)ic oxi(lc is
lrl II()\’c(l I)lcfcl cudially,  lIIC [J,illlilllll Oxi(lc RCCLIIIILIlalCS  I]lllil i t s  dissoll]lioll lwcotIIcs a lalc lii]]i(i[l{~, s!cjI. ‘J’lw

c.tclI lwcolIIcs 1 atc lilljitcd t atl IcI llIal I difliisioji  lil[litcd, alId colIscqilcl  Illy Il)c clcl I i)cc(JtIIes 01 iclllalioll
(iclwl(lcl)l.

‘J’IIC Collcci]tlfi[ioll  of~:] (): I(NO 111;:1170):112.”  was lIsc(i fL)I lIIC {I,alc ctci].  ‘1’llc c[cli Ia(c is a]~j)l{)xilltatciy
2 0 0 ”  ~hllill. A sii~j,lltly Ic.ss (iiltltc coltcctlt[a[ioll  of ?: 10:2(10” v.’as ~lsv(i fc)I IIIC IIICSa ctcl].  ‘J’IIc c[c.11 Iatc of
this solutio]l  is fi}l~)~oxil)latciy  2000  A/IIlitl.

4. A (’OM I’ARISOIV olC ,11:1 ;’1’S l~AllRl(:A’l”J’:1)  111’ ‘1’111’, 01,1) ANI) NEW  I’l;()(:l:,l)ll l{};S.
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l:if:. 3: ‘J’IIC  ~; IICIC:lk:I~,e  cI]r ILIIl :i<a fllllli(lll <lf\’(lllilfiC  f{,J a lill[: .1 J’1’l’ I?50}LIII itl citculillcfcllcc :111(1
?ofllII  1(111 ~,111:1[ Iva< lII;Idc tIsllIf, tlIc old ~)lc)ccs~li<itl~?,tllc  pjIlc llwl:lli/;l~ioll  nS:III clcII ]II:I~k,  ald llii]l~’,
aII allltllo]liillll lly(ilo.~i(ic-lj:lsc{i  clci I: II It, ‘MC smIIcc aII(i dt;litl  :ttc ~,ioIIIt(ic(i  fol lilis IImtsurc]llcttl.

‘J’lw.cmIcIIl ofa ICCtaIIp)LIlaI  11~1:’1’ fabticatd  usill?,  tlm sqMIatc gyilc ctdI aIId Itmtalizatio]l  afd usi]l[:thc
IIl;. krscd  clc.]]ald vws  a lso  II Ic.asLIIcd t]sil]j~,lllccilc~]it  ofliip, ?a, but the lcs(lllitl~:  cllllcllt  was lcsstllall

inlcp, tatcd 01} tlIc ca]hacitol set. ‘lIIc cJIti II[:c ill llIc [J,fitc volta{:c  i s  tcflwtcd  ill tlIc  cltatlp,c o f  Illc smlcc
followc.1  Voltap,c.  ‘I’llc~,atcl(  xlka~,c (“l)] l(v)t C.al”t  tllcll  k Gil(xllatc(l  flolll tllc  late Ofchal)y$  ofttlc S()(lrcc
follmw l~ollap,cllsili[l,l:.(l,  1,

(:y d l.q. 1
JIc(]kq:(’  ‘ -A ;l, L

~’

llIC cal)acitallcz  (;f tltc f,atc  oft]w JJ~J{’1’ atd itdudit)[!  aIIy })alasitic  capaci[atm.

11’01 at] acx-ulfilc  ca]c[]lali[)]l  c)ft]lc lcaliti~,c cltllctlt,  I)otlt  (:,, atld A,, IIIUSI [W Ilwasulc.d  ‘1’IIc {J,ail) AIJMWS
tIIcasLIIcd [)y Illll]illf: OII (j? and  swccj)i]l{~  tlIC  Rcscl volltir,c ftOIII O  10 ?  V  and  Iccoldil]fl, tltc out~lut

volta~’c \r,,. Witl] a 10 jIA load Cu]lc]d,  tl]c ouljmt  volia[:c  valid flotll 1,213 to 3.1oO V tis IIIC illlmt was
SWClIt  fioII]oto2\~.” ‘]’]lisill]l~licslilat tllcp,ailt  c~ftl]c s[)lllcc follo~}lct”  citcuit  isAV’ 0 . 9 4 3 5 .

‘I’II~c ~]):(citatlcc.\\  :{sllic.asl]lc(l  I)y i]jc.c[i]]~~,a  1  kllz A(; si~:tltil  oIIly tlIc test ]miIlt conucc!cd  t o  (2, ‘1’IIc
cilcuit  Iltcli folr]ls a ca])acitivc  Clivi({cl  MwccII  (:2, rittd  tlmlcn~ail)il)~,  ca~)acital)cc (;x, as s} IowJI irl l;i~:. 4.
(:x is tlIc SUIII of(; ], tlIc ca])acitat]cc  oftl]c JII’J1’I’,  ald ally l)arasitic  cal)acitatlcc.
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I:iy,,  4: ‘1’IIc cqtlivakvl( cap:witilt di~i(iu citct;t IiIaI ICSUI(S  fIOIII ill.jcc[ill{; aII A(’ si~:tlai OII to IIIC ICS[ IIO(k of
tiIc citcmit  of }:i~,, ?b.

‘J’lIc output  vdta~],c vs. Iilnc. f{~l tlIc. Jljl.’J’  is SIIOWII ill 1+’ip,,  5, ‘1’k OU(lNI( vollap,c valics by al~])]oxilllatcly
41 mV mm tlIc ?9 Illillutc i!ltc~,latio]]  tiIIIc,  l)sinp,  t}m mlculatcd ?,aill aIId cfipacilalu  wiilI lq. 1 ,  tlic

calculald lcaka:,c  c.111  ICIIt is:
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K ‘III I I{; ‘1’]{  AN f+]s’J’()]t  NOISIC FOR “j’]  I IL 01 ,1) ANJ) NKW l’l<()(:l~;J)ll  ltl~:S

‘1’hc input-rcfcrl  cd voltage. noise for a ,)J;l !’1’s fabricated using the ol(i pmmss  and two JI~f [’1’s fat)] iwrtcd
using the nc.w process al c ccnnpai  cd in }~ig. 6. ‘Ilm oki JII’J1’1’ was a ring structure 1250 pm in diameter and
20 ~tn] lm]g, ‘1’k mw Jh’1 {’J’s  arc rcc(angulal  strl)ctu] es, one king 300 ~mi wide and 100 ~~~])  long with a
capacitarmc of21 plI’, and the other kin~ 20 pIII wi(ic and 25 }[m long with  a capacitance of (),35 pII’. All
of the devices wwc biased at 1 ItA dltrin  cu[lcnt,  “1’hc  dlain  volta~c  was 1.0 V for the old Jl~l;rJ’  and 0.6 V
fol the new JI;l+’l”s.
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Pig!. 6: ‘J’}Ic input-] cfcrrcd voltage. noise for a ring .JI’IW  (1 250 }UII cilcuilifcrcmx  by 20 }m 10118)
fi~b!icatcci wilb lhc old process llSillF, tbc ga(c nwtalimlic)lt  as a mask am] aII alnn]ollil]~  bydroxidc-based
C(CII, and the colllJJarabJc  noise  for rcctanp,ular  Jl;ll’l “s (300” pm \vidc by 100 }1111 loIIp, a]ld 20 }tn~ wide by
?5 }(III  ]oIIg) fiibl”icalccJ with tJw new’ pJoccss  using a Scj)aralt! ~atc CIC]I aIIC{ Incla]izatioll  and using an
IJl:-based etch. ‘J’lIc  noise spikes are 60-}IZ  pickup a[lci signals  iificc(eti 10 caiibratc  the gain.

6. SUM MAJlJ7

A ncw gate etch procrxs  has lxxx dcvclopd that substantially inlprovcs the pcI formancx  of JJF11’1’s

intcn(icd  fo] deep clyogcnic  opcr ation.  Wk.] c lxforc the etch was done using an ammonium hydrcxidc-
bascd ctchant  and using tlm g,atc.  mc.laliz,ation  as a mask, the ncw pI ocuduT c scpat at cs the ])llc)tolitllc)gla])l]y
for the gate ct ch and the gate nwtali7aticnl  into two stcjls. ]n addition, a mm c isolr epic 1 ll~-bascxl  etch is
used. ‘1’hc new pr mxdm c r cxhced t]m gate leakage by n]any or (icrs of map,nitudc,  from Ic.akagc or) the
CM dm of pA to ]CSS  than a fA. “J’hc noise is also lcduc.ed  sig,nificant]y.

‘1’k noise and leakage  performance arc closing in on those r cquird fol deep rmyogcnic. space astronomy
m i s s i o n s  such as SII{”I’J{.  l’hc fi~br i cation of mole JII’1 t’l”s using the mw prcrcedu~ c, and fhrthcr
char actcrization  of thcil p,atc leakage cul~mt  and noise arc undcl way,



‘1’hc  mcasurcmcnts  dcscribcd  in this paper WCIC. pcrfbs mc{ at the Jet 1’] opulsicm 1,aboratoly,  Califo] nia
lnstitutc of “1’cchnology  under a cent I act with the National Ac! cmautics  and Spare A({ll~il~istlati(Jl]
Rcfu mm hm cin to any spmific  commercial iM oduct, process, 01 scrvicc  by tl ak name, trade.mal k,
manufactmw, OJ olhmwisc,  dcmnot  constitutcm it])j)l)~cf)(lorscl]lc])t bythclJnitcd  S t a t e s  Gmmnmcnt  OJ

tl~c Jc[l’lo]>lllsioll  l,al~oratory,  (;aliforf~ia  lrlstitlltc of’1’ccl]t~olog)~.
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